The aim of this study was to give quantification of the present land use, land use change and assessment of agricultural soil in the area surrounding Jakuševec landfill in Zagreb, Croatia. A map of land use types of approximately 2 km zone around the landfill was created, based on photointerpretation during 2012 and according to Corine Land Cover 2000, 2006 and 2012 database. For soil fertility evaluation, soil was sampled at four locations at a distance of up to 300 m around the landfill. Spatial analysis revealed thirteen land use categories of total size around 3,161 ha. These categories were divided into three larger groups based on land use types (water: 5%, agricultural land: 50% and city: 45% of the total analysed area). Mixed agriculture is very important in this urban area regardless of the closeness of the waste landfill, because it relies on fertile soil and vicinity of large market of the capital city. The main land use changes included increase in industrial or commercial units and transport infrastructure, and decrease of agricultural land.
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Introduction
In the past few years, major waste problems have appeared in the capital of Croatia, on the landfill Jakuševec, Zagreb, which are far from being solved. For years there has been no holistic waste management system and no new location for the landfill meant to fully replace the overloaded Jakuševec after nearly 50 years has been founded. The Prudinec landfill in Jakuševec is categorised as landfill category 1 and no waste disposal that doesn't belong to this category is allowed (Official Gazette of the Republic of Croatia 2007, 2011). All waste is disposed of on a regulated surface which means all environmental protection regulations should be met. The disposal of dangerous waste, especially infectious, radioactive, explosive, asbestos, liquid and gaseous is forbidden. The company ZGH-ZGOS has a primary task to run the facility and to rehabilitate Prudinec/Jakuševec landfill, as well as to procure and coordinate the monitoring of groundwater and air quality but does not monitor the soil quality in the vicinity of Jakuševec landfill (Croatian Environment Agency, 2012; ZGOS, 2017) . The groundwater quality control is understandable seeing how Zagreb is located on an aquifer that provides drinking water for the entire city, as well as the monitoring of air which the local residents inhale. We believe the soil has been unrightfully neglected as an element of the environment and as a mean of food production, i.e., the concern for the quality of agroecosystem (meadows, arable land, and pastures) in that area should be much higher, especially because that aspect of the economy is one of the most important to the domicile inhabitants not only as an existential necessity but for its historical and cultural reasons as well.
We cite the words of members of the Environmental Protection Association Jakuševec (2001): "The neighbourhood Jakuševec is not Turopolje nor it is Zagreb's periphery. It does not lead a life of the noble municipality of the proud 'plummers', nor does it rot like the poverty-stricken settlers that inhabited the city edges in a series of illegally constructed huts and streets without any infrastructure. That it has the city's waste so close it started to suffocate it, is the shame of the city, not Jakuševec. The Jakuševec area is clenched between the city suburbs and the nobles of Turopolje; it is an enclave that resists the impacts of its surroundings by guarding their distinctive identity. One could say it is a living monument of the past, but of no talk of a nature reserve that artificially preserves the scenes from a former way of life. The given impression is that of a noble farmer living in this cramped area, changing his way of life in his own way." Suburban agriculture, as it can be categorised here, becomes an ideal complement to the rural production, crucial for the city food system, with its multifunctional role ranging from its contribution to food security, economic and environmental sustainability, and preservation and implementation of the green space (Cavallo et al., 2016; Orsini et al., 2013; Zasada, 2011) . However, agricultural land in the urban environment is distributed according to the available space (generally on marginal areas, e.g., close to railways, main roads, nearby industrial areas and landfills).
In the area of Zagreb and its surroundings, there are 56,000 ha of agricultural land, which is of great importance since it enables food supply for almost one million inhabitants in town. Agriculture as an industry is relying on natural renewable resources and is extremely important for the people of Jakuševec. As a prerequisite it requires clean, preserved environment hence it represents a pillar of the concept of development. Because of this, the natural resource that requires comprehensive protection and preservation the most is the soil, a key factor in organic matter production. There are multiple and important roles for soil in the environment, that is in the terrestrial and aquatic ecosystems. The most important one is its production role -the supply of water, air and nutrients for plants, which enables production of organic matter and the supply of food, fodder, renewable energy and raw materials, i.e., the products of agriculture and forestry as key industries of this area. The soil produces 97% of the food the mankind consumes today and, therefore, its role in the modern concept of economy development, that will surely mark this millennium, is irreplaceable. The key corner stone of this development is sustainable agriculture, in which again sustainable soil management bares the key significance (Bašić and Herceg, 2012; .
The objective of the study was to give:
a quantification and interpretation of the present land use and land use change in the vicinity of Jakuševec landfill b assessment of soil condition at four sites of agricultural land proposed for soil monitoring (distance of 50 m, 100 m, 150 m and 300 m from the landfill) based on soil chemical analysis.
Materials and methods

Spatial analysis
Maps of 
Soil sampling
Field-work was carried out on 17th and 20th October, 2012. Soil survey and soil sampling according to the procedures for monitoring of agricultural soils (Mesić et al., 2006) were conducted on 4 locations in direction of 300 m south of the Jakuševac waste landfill (Figure 1) . Observations on the ectomorphological soil properties have been collected, using the experiences from the work done so far. Soil sampling was carried out according to the guidelines (ISO 10381-1-8, 2001 (ISO 10381-1-8, -2006 as well as preparation of soil samples for physical and chemical analysis (HRN ISO 11464, 2004) . Samples were taken in the autumn of 2012 (October 20th), after a field visit (October 17th), from 0-30 cm soil layer at four locations of agricultural land (S1-S4). Soil samples were collected according to the procedures of monitoring of agricultural soil, according to the soil sampling scheme (Figure 2 ). Total of 16 points for single soil sampling were located on the diagonal of monitoring station, which is square shaped with surface of 750 m2. All individual samples are merged into four average (1-5-10-15, 2-6-12-16, 3-7-11-13 and 4-8-9-14) samples. In addition, one average sample is also taken (all) which is obtained by combining parts of samples of each individual point (1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16). Thus, each of the five average samples provided for soil analysis represents the average of the station, which significantly contributes to the quality of data. Soil profile was opened on the inner side of the eastern site of the station. An average sample was analysed for different soil parameters, which consisted of all 16 points at each site, making a total of 4 average samples S1-S4 (all) from 4 locations. Geographical position of the sampling location (S1-S4) is described by point at the diagonal intersection according to the monitoring scheme (GeoExplorerXH 6000, Trimble, ± 2 cm) ( Table 1) . 
Laboratory analysis
Preparation of soil samples for chemical and physical analysis was carried out according to HRN ISO 11464 (2004) . Soil samples were air-dried, crumbled and sieved (< 2 mm). 
Results and discussion
Land use and land use change
The landfill is located in the south of Zagreb, just 5 km from the city centre, by the right bank of river Sava (Figure 3 ). The landfill stretches to the northwest-southeast alongside the bank of river Sava separated by a local road. To the west a famous park Bundek and neighbourhoods Dugave, Utrina, Travno and Zapruđe are located, to the south there is the neighbourhood Jakuševec (distance about 400 m), railway yard and Zagreb beltway, to the east we find the neighbourhood Mičevec and large area of agricultural land, and to the north there is a heating plant (HEP-Toplinarstvo) and a famous swamp area Savica (Savica was declared an important landscape with allocated special zoology reservoir, and since 2003 The Croatian Ornithology Society conducts bird mapping activities there). The natural wealth of this area is one of the biggest resources for development. The investigated area overlaps with heterogeneous agricultural land, forests and a swamp. To show the condition of the environment around the landfill, maps of the present land use and quantification of land use change according to the former land use inventory (CLC 2000 (CLC , 2006 was made. After the literature review, similar situation was found in Ukraine where municipal solid waste landfill in Myronivka city is mainly bordering with agricultural fields with arable crops (Makarenko and Budak, 2017) . The distance to the nearest residential development and the river is 800 m and 1,400 m, respectively. Hydrogeological conditions of region are characterised by an unconfined groundwater aquifer, as is situation in Zagreb as well.
In that direction, authors have been investigated the impacts of the landfill on the surrounding agricultural areas, and natural resources (soil, plants, water, air). Chrysikou et al. (2008) carried out their research on the municipal waste landfill 'Tagarades' located in a rural area of northern Greece, around 20 km southeast of the city of Thessaloniki surrounded by several residential communities. The main activity in the area is agriculture (mainly vegetable, olive trees and wheat cultivation) and extensive animal husbandry at variable distances from the landfill (0.5-7.5 km). They have studied distribution of pollutants after a large scale landfill fire. Figure 4 The maps of land use in the area of 2 km around the waste landfill Jakuševec Zagreb
Source: CLC (2002 CLC ( , 2006 CLC ( , 2012 The maps of land use in the area of 2 km around the waste landfill Jakuševec in Zagreb are shown in Figure 4 . Based on the photo-interpretation during 2012 and according to the Corine Land Cover 2000, 2006 and 2012 database, spatial analysis revealed thirteen land use categories of total size around 3,161 ha (Table 2 ). These categories were divided into three larger groups based on land use types (water: 5%, agricultural land: 50% and city: 45% of the total analysed area). According to the recent data (CLC, 2012), water includes: river Sava (84.3 ha) and its streams (the swamp area of Savica the size of 74.8 ha). The city includes city areas (settlements, villages and neighbourhoods the size of 970.8 ha), industrial units (186.8 ha), roads and railway network (111.5 ha), the airport (0.03 ha), green spaces in the city (43.3 ha) that are also fit for agriculture but do not produce plants fit for human consumption but for horticultural purposes, and finally, the landfill itself (131.5 ha). Agricultural land includes non-irrigated arable land (east from Savica the size of 45.8 ha), farming land with larger areas of natural vegetation (downstream from the landfill, by the right and left banks of Sava, the area east and west from the swampy area of Savica and ex-military range of JNA -Yugoslav National Army 'Maršal Tito' in the neighbourhood Travno the size of 351.3 ha), pastures (7.7 ha) and a complex of cultivated parcels (most of them south and northeast from the landfill the size of 1,133.9 ha). It is important to emphasise that agriculture is extremely important to this urban area, no matter its vicinity to the landfill. The agricultural land makes a staggering 50% of total surface under observation, which makes 1,557.6 ha in the zone of approximately 2 km from the landfill site in Jakuševec. Intensive agricultural production takes place even alongside the very edges of the landfill. There are only a few abandoned parcels within the landfill zone. The people mostly produce vegetables, arable crops (corn, wheat) and fodder crops, but there are also pastures and forests. Since the local agricultural production relies on fertile soils located near a large Zagreb market, such a structure is implied. CLC (2002 CLC ( , 2006 CLC ( , 2012 Slightly different situation was detected when calculating land use change in the vicinity of the landfill over the years. According to the land use change analysis for CLC 2000 vs 2012, results revealed increase in area of artificial land use features (20% of industrial or commercial units, 10% road and rail networks and associated land, and 10% of green urban areas). Landfill site area (code: 132) decreased for 30 ha (18.2%) which were converted to recycling centre (Prudinec-Jakuševec, code: 121). Infrastructural development caused general decrease of agricultural land over the years (more than 28% of non-irrigated arable land, high 48% of pastures, and 1-4% of complex cultivation patterns and land principally occupied by agriculture, with natural vegetation). New agricultural land use appeared in 2012 which have taken up to 20 ha (222 -Fruit trees and berry plantations). According to the CLC 2006, significant land use change compared to CLC 2000 was observed for pastures which area was decreased up to 7 ha, and for green urban areas which were reduced doubly in 2006. As stated by Cavallo et al. (2016) , public policies have a key role to deal, on the one side, with the sustainable restructuring of existing buildings and, on the other, with building density in relation to protecting the agricultural territory and marginal areas.
Soil properties
According to the soil map (General Soil Map 1: 50,000) of the surrounding area, two sub orders of soil types have been classified: alluvial carbonated sandy loam and alluvial carbonated, in some places slightly gleyed loamy soils ( Figure 5 ). They are undeveloped, hydromorphic soils, created by flooding of the river Sava, sedimentation of materials and are formed as deep alluvial deposits of the first -Holocene Sava terrace. Although the banks were built in 1964 to defend from the floods caused by the river Sava and no further flooding of that area had occurred, these soils still bear the stamp of alluvial sedimentation (Martinović, 2000) . The soils are predominantly non-gleyed, hence without any signs of excessive moisture or water stagnation within 150 cm of soil depth. As these soils have been intensively used in agriculture, anthropogenic influences are very pronounced. A. Alluvial soils Alluvial calcareous sandy-loam soils Alluvial calcareous sporadically slightly gleyed loamy soils Source: Kovačević et al. 1972 It is hard to tell the influence of the landfill Jakuševec on the potential pollution of the surrounding agricultural soil used in intensive agriculture from the start of waste disposal (since 1965 uncontrollable disposal, in 1998 ZGOS was founded, since 2003 remediation of the landfill). Very few studies have been conducted on the basis of which an estimation of the quality of the surrounding soil could be done. According to the results of soil texture analysis, soil is characterised as silty loam (S4) and sandy loam (S1, S2, S3). Soil chemical properties are shown in Table 3 . Soil pH values have very narrow range of 7.52 to 7.55 at all sampling sites indicating slightly alkaline soil. Content of SOM ranged from 0.4% to 0.7% which makes the soil very poorly humic. In term of plant-available content of phosphorus and potassium, all analysed samples are very richly supplied with these nutrients. The amount of plant-available nutrients is associated with the type of agricultural land use. The analysed soil is used for crop production, and, therefore, it has better supply with phosphorus and potassium. Soil is highly carbonated with a very narrow range of 31.1% CaCO 3 to 35.7% CaCO 3 . Carbonate and SOM content is somewhat smaller (at the lower limit of the range) than expected for this type of soil, while the content of plant-available phosphorus is considerably higher than the usual content. Table 4 presents the carbon, nitrogen and sulphur content in the soil, as well as C:N, N:S and C:S relationships. Agricultural soil (all four samples) has a wide C:N ratio (from 39 to 52), which is primarily due to the application of conventional agriculture at the sampling site, and which was confirmed by analysed soil parameters, i.e., soil has good N supply, but at the same time is very poorly humic. More favourable condition would probably be on uncultivated land covered with meadow vegetation where the C:N ratio is usually almost optimal (optimum value is 10). Sulphur content in all analysed soil samples was less than 0.05%, which is in relation with sulphur behaviour in the agroecosystem in dependence of nitrogen fertilisation studied by Jurišić et al. (2008 Jurišić et al. ( , 2012 . Similar results of soil chemical properties were obtained by Breza-Boruta et al. (2016) and Vaverková et al. (2017) who studied environmental impact of landfill on surrounding soils. In the first case, arable soils with loamy sand texture showed wide range of soil pH values (3.36 to 7.30) and high coefficient of variation for soil organic carbon (CV 83.03%). In the second study, soil samples were characterised by pHKCl average value of 6.58. Total N content in soil ranged from 0.122% to 0.137%. However, C:N relation was almost optimal (around 11) which differs significantly from Jakuševec study due to agricultural land use which was a meadow. Table 4 The content of carbon, nitrogen and sulphur in the soil and their relationship Spatial analysis revealed thirteen land use categories of total size around 3,161 ha. These categories were divided into three larger groups based on land use types (water: 5%, agricultural land: 50% and city: 45% of the total analysed area). The overall trend in land use change in the vicinity of the Zagreb landfill indicates loss of traditional suburban agriculture in exchange for an increase in industrial or commercial units and transport infrastructure area, which represents negative impact for local people and Zagreb food market. Mixed agriculture is typical land use feature of the investigated area, regardless of the closeness of the waste landfill. Zagreb is the capital city, but its urban structure is directly surrounded with pitiful landscape composed of complex pattern of agricultural land which productivity relies on fertile alluvial soils. Based on the chemical soil analysis (soil pH, content of organic matter, plant-available potassium and phosphorus, total carbon, nitrogen and sulphur content, carbonate content), it is concluded that agricultural soil near the Jakuševec landfill in terms of fertility is in relatively good condition, except for very poor soil organic matter content, which could be improved by certain ameliorative interventions, such as manure fertilisation, ploughing of postharvest residues and/or green fertilisation.
As regards other marginal parts of the city, it can be assumed that land use change tends to convert agricultural land to other usages, but the area in the vicinity of the landfill gradually loses its main identity. The question is when the landfill will be officially closed and what will be the new solution for waste management in the city of Zagreb. It can be assumed that surrounding area will be converted into green urban areas or industrial/commercial units.
